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ABSTRACT  
Direct detection of hydrocarbon by an active source using electromagnetic (EM) energy termed seabed 
logging (SBL) has shown very promising results.  However, currently available electromagnetic wave 
technology has a number of challenges include sensitivity and frequency matching. This paper presents 
development of the carbon nanotubes (CNTs) as electromagnetic wave detector due to outstanding 
properties of carbon nanotubes. They are currently one of the desired materials for advanced technologies. 
Two types of detectors were developed in this work, carbon nanotube-based (D1) and without nanotube-
based (D2) detectors. Various configuration and arrangement for each type of detector were investigated to 
determine the one with the highest detection measurement and stability of frequency stability of detection 
system. It was found that 20 turn-coils coil placed at its centre gives the maximum detection of induction 
voltage, 39.61 mV. However, the 20 turn-coils with CNTs which gives 36.50 mV is the preferred EM 
detectors due to the stability in frequency of the detection system.  
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I. Introduction 
In SBLs [1], [2],  the use of a mobile horizontal electric dipole (HED) source and an array of 
seafloor electric field receivers are applied. The transmitting dipole emits a low frequency 
electromagnetic signal which is propagated into the seabed. The array of sea floor receivers 
measures both the amplitude and the phase of the received signal directly from the transmitter, and 
waves reflected and guided from the seabed. Received signal depend on the resistivity structure 
beneath the seabed. Characterisation and detection of the reservoir using SBL are based on the 
electrical conductivity consisted by all geological media. The principle of differences in of the 
different conductivity geological media is utilised in this technology[1], [3]. Besides its advantage in 
segregating a resistivity in a non-conductive layer and conductive formation beneath the sea floor, 
electromagnetic method has a robustness characteristic against bad operating condition such high 
temperature and high pressure [4]. 
Currently available EM wave detectors for the SBL method have a number of setbacks. One of 
them is the frequency instability which can result in wrong interpretation of the data. These could 
lead to loss of significant investments.  
The work premise deals with utilization of carbon nanotubez as electromagnetic detector. These 
remarkable materials were chosen due to their tiny structure that leading to extremely high surface 
area, high chemical stability, high tensile strength and the most important their unique electrical 
properties. The properties of CNTs depends on their chilarity, which changes the properties from 
metallic to semi-conducting[5][6][7]. 
II. Methodology. 
Carbon nanotube (provided by the University of Cambridge, England) based (D1) and without 
nanotube-based detectors (D2) were developed in this study to determine their detection ability 
response to the EM wave.  
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Fig. 1. Block diagram of transmitter-detector system 
  
 
 
 
 
 
                                                                                                
Fig. 2. Transmitter system with CNT and 20 windings copper coils toroid 
Table 1.  Transmitter properties 
Transmitter parameters Properties 
Material Toroid with 20-turns and aluminium rod in the centre of toroid 
Frequency 5MHz 
Distance from detector 1 meter 
Waveform Square-shaped 
Table 2.  Detectors main configuration and arrangements 
Detector types Arrangements 
Nanotubes (D1) 
As conductor 
With toroid (probe nanotube)  
With toroid (probe at 1-turn toroid) 
20 turns-coil with nanotubes 
Without Nanotubes (D2) 
 Toroid with 1-turn copper wire 
20 turn-coils (empty) 
20 turn-coils with aluminium 
 
A 20 turns toroid type transmitter, with an aluminium rod in the centre of toroid is used in this 
work. It is supplied by 5 MHz frequency of square-shape of waveform from wave generator 
(Textronic AX493). The distance between the transmitter and the detector fixed at one meter.as 
described in Figure 1 and Figure 2. The properties of transmitter summarized in Table 1. Two types 
of EM detectors were investigated. The responses from the detector then were determined by 
measuring the induced voltage using oscilloscope for all detectors.  
Figure 3 shows the arrangement of a carbon nanotube-based detector. Three types of nanotube-
based detector (D1) were put into consideration. There are a) nanotube as conductor, b) nanotube 
with toroid, and c) nanotube with 1-turn toroid and d) nanotubes with 20 turn-coils. Determination 
of voltage at toroid-based detector (D2) was conducted by using oscilloscope. There were three 
types of detectors without nanotubes were selected in this work. D2 consists of a) 1-turn toroid, b) 
20 turns coil without any conductor placed at the centre of it, and c) 20 turns with aluminium rod at 
the centre.  
Aluminium rod 
Toroid with 20 windings 
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Fig. 3. Coils with nanotubes (Rope) with 20 windings. 
III. Results and discussion. 
Basic ideas to describe how CNTs can detect electromagnetic wave can be found as follows. The 
CNT-based electromagnetic wave detector operated in a completely different way compared to the 
traditional electromagnetic wave detector [8]. The detector receives signals via high-frequency 
mechanical vibrations of the CNTs rather than electrically. These vibrations become significant only 
when the frequency of the incoming wave matches the resonance frequency of the nanotube. For this 
reason it allows CNT’s gives higher measurement of electromagnetic wave (represents by induced 
voltage). The simulation studies [9][10] have shown the distribution of electric field surrounding the 
nanotube radio during the operation of the radio. The field is strongest at the tip of the nanotube and 
varies as the nanotube vibrates.  
 
 
Figure 4 (a). Detector Voltage (nanotubes as 
conductor). 
 
Figure 4 (b). Detector Voltage (toroid with 
nanotubes, probe across nanotubes). 
Carbon 
nanotubes 
Copper coil 
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Figure 4 (c). Detector Voltage (one turn-toroid with   
nanotubes, probe across toroid). 
 
Figure 4 (e). Detector Voltage (coils only) 
Figure 4 (d). Detector Voltage (toroid with one turn). 
 
Figure 4 (f). Detector Voltage (coils with aluminum) 
 
Figure 4 (g). Detector Voltage (coils with nanotubes). 
 
Fig. 4. (a) to (g)  shows the Vp-p in detectors for all the 7 types of detector listed in Table 1. 
The Vp-p values of the detectors are summarized in Table 3. It was shown that, by using a D1(a), 
(b), and (c), and (d)Vp-p obtained from the oscilloscope were 7.361mV, 11.87mV and 15.080mV 
and 36.50mV respectively. Voltage values measured from D2 (a), (b), and (c) were 15.04mV, 
39.61mV, 31.25mV 
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Table 3.  Vp-p and frequency values obtained from detectors. 
Detector configuration Vp-p (mV) Frequency (MHz) Figure 
Nanotubes as conductor 7.36 15.00 4 (a) 
Nanotubes with toroid (probe nanotubes) 11.87 15.00 4 (b) 
Nanotubes with toroid (probe 1-turn toroid) 15.08 15.08 4 (c) 
1-turn toroid 15.04  15.08 4 (d) 
20 turn-coils (empty) 39.61 16.87 4 (e) 
20 turn-coils with aluminium 31.25 33.67 4 (f) 
20 turn-coils with nanotubes 36.50 18.44 4 (g) 
  
 
 
Figure 5. Detectors frequency comparison between D1 and D2 
Noted above, to measures electromagnetic wave, vibrations in the CNT become a plays a major 
role [11]–[13]. Detection of the highest sensitivity of electromagnetic wave can be obtained when 
the frequency of the incoming wave matches the resonance frequency of the CNT. Figure 5 shows a 
comparison between frequeny obtained at the  D1 and D2. Frequency obtained at the detectors is a 
critical aspect need to be consider  to determine wheather D1 or D2 have a stability in frequency 
matching. 
Values of detector’s frequency should clearly clarified. It can lead to the determination of 
resonance in the detector to give the accurate measurements of the incoming electromagnetic wave 
[3], [8].  In this work, we choosed which detectors gave the most suitable reading of the frequency 
obtained at the oscilloscope. In this initial work it was found frequency at D1(CNT) was more stable 
compared with D2 (Table 3) 
IV. Conclusion. 
From the results table shown in Table 2 it was observed the air filled 20 turn-coils gave the 
maximum detection of 39.61 mV. However, the 20 turns nanotubes which gives 36.60 mV is the 
preferred EM detectors due to the frequency stability of detection system. It should be noted that 
nanotubes as EM detectors could be improved by placing it in the centre of a ferrite toroid. 
Nanoparticle ferrite can also be encapsulated in the nanotubes to give detection. 
V. Future work 
We hope to construct prototype of CNT-based electromagnetic wave detector with a tuner to 
receive only a preselected band of electromagnetic wave frequency.   
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